Abstract
78
In the current research study, a comprehensive, transparent, and rational design model has been (1)
94
They recommended that, when calculating the state shear resistance at the ultimate limit, the it can predict the possible failure modes of the strengthened RC beams using L-shaped CFRP
124
plates.
125
For RC beams retrofitted with L-shaped CFRP plates, the FRP contribution to shear resistance 126 can be written in the following form:
where tf, wf, Ef, dfv, εef, and sf are respectively the FRP plate thickness, FRP plate width, FRP to the applicable failure modes should be evaluated on each side of the major shear crack. The 139 failure occurs on the side with the lesser effective strain corresponding to an applicable failure 140 mode. Therefore, the value of the lesser effective strain should be used in Eq. 3 to calculate the 141 contribution of FRP to shear resistance.
142
Debonding of FRP sheets and plates is a common failure mode for RC beams strengthened using 
157
and hence: 
180
According to their model, the mean concrete breakout capacity for adhesively post-installed 181 embedded anchors in an uncracked concrete (Pfb) can be calculated as follows: and plates (see Fuchs. et al. 1995) .
202
To this end, kel is given by the following equations: bonded layer (Fig. 1-c 
289
where ϕf is the debonding-failure plane aspect ratio and is equal to df /bf. In the calculation of ϕf,
290
bf is the length of the failure plane parallel to the concrete surface, which for NSM plates is taken 291 to be the width of the groove + 2 mm. In addition, df is the length of the failure plane 292 perpendicular to the concrete surface, which for NSM plates is taken to be the depth of the 293 groove + 1 mm. This formula is modified for APE FRP plates to be the depth of the groove + 2 294 mm (Fig. 3) .
295
Furthermore, Lper is the debonding failure plan in cross section, which is here taken to be 2(df + 
310
where λ is a constant, and τmax and δmax are respectively the maximum shear stress and the introducing the effective bond area of the CFRP plate (Fig. 5) , and the load required to debond 339 the CFRP plate overlap from the beam soffit (Pfo) can be calculated as follows: 2-a) and on L-shaped plates bonded to concrete block joints ( Fig. 2-b) . In this article, the the proposed equations (see Table 1 ). was determined based on the corresponding calculated pullout force. Moreover, the results of the 
363
In another investigation, the experimental contributions of FRP to the shear resistance of the 364 retrofitted specimens in this study were compared with the shear resistance predicted by the 365 proposed equations (see Table 2 ). The calculated values of effective strain developed in the FRP 366 plates corresponding to each failure mode are shown in compared to the results calculated using the proposed equations (see Table 2 ). It should be noted 
CONCLUSIONS

376
Based on the results of the current research study, the following major conclusions can be drawn: 
387
• The predicted results of the design equations were validated using few available 
